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(57) Abstract 

Systems and mehtods for producing standby uninter- 
ruptible power for an AC load rectify an AC utility input 
voltage to produce a rectified voltage and activate a DC 
battery voltage in response to a change in the AC utility 
input voltage to thereby produce a standby DC voltage. 
The rectified voltage and the standby DC voltage are con- 
nected to an AC load that includes input rectification to 
thereby produce standby uninterruptible power without the 
need for costly, bulky, and/or unreliable inverters or con- 
verters. Seamless transfer of power may be provided to 
support the AC load upon failure of the AC utility input 
voltage and upon restoration of the AC utility input volt- 
age. The AC utility input voltage is preferably rectified by 
a diode rectifier, most preferably a full-wave diode recti- 
fier including at least four diodes, to produce the rectified 
voltage. A diode switch is used to activate the DC voltage 
from the battery in response to a change in the AC utility 
input voltage to thereby produce the standby DC voltage. 
The diode switch may include a separate diode and an elec- 
tronic or electromechanical switch. Alternatively, the diode 
switch may be a single element such as a thyristor. The 
diode rectifier and the diode and switch are connected in 
a diode-OR connection that provides the standby uninter- 
ruptible power for the output of the UPS. The diode-OR 
connection allows the strongest source to support the AC 
load at all times. 
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SYSTEMS AND METHODS FOR PRODUCING STANDBY 
UNINTERRUPTIBLE POWER FOR AC LOADS 
USING RECTIFIED AC AND BATTERY 

Field of the Invention 
This invention relates to power supplies and more particularly to systems and 
methods for producing standby uninterruptible power, 

5 Background of the Invention 

Uninterruptible Power Supplies (UPS) are widely used to provide power to 
electronic components in the event that the alternating current (AC) utility input 
voltage fails. UPSs are now widely used, for example with computers, including but 
not limited to personal computers, workstations, mini computers, and mainframe 
1 0 computers, to insure that valuable data is not lost and that the computer can continue 
to operate notwithstanding temporary loss of the AC utility input voltage. 

Referring to FIG. 1 A, a simplified block diagram of an AC load powered by 
an AC utility input voltage is shown. As shown in FIG. 1, AC utility input voltage 
100 is supplied to first plug 102 such as a wall socket into which an AC load 120 is 
1 5 plugged. In this conventional arrangement, if the AC utility input voltage fails, 
operation of the AC load 120 may stop. 

Referring now to FIG. IB, an uninterruptible power supply 110 is inserted 
between the first plug 102 of the AC utility input voltage 100 and the AC load 120. It 
will be understood that the UPS may be external to the AC load 120 so that the UPS 
20 110 and AC load 120 are connected by a second plug 112 as shown in FIG. IB. 
Alternatively, the UPS 110 may be integrally included as part of the AC load 120. 

FIG. IB also illustrates details of an AC load 120 that includes electronic 
circuitry. It will be understood by those having skill in the art that some AC loads, 
such as AC motors, can directly operate on the AC current that is provided by the 
25 UPS. However, when the AC load includes electronic circuitry 140, the electronic 

circuitry typically operates from one or more direct current (DC) operational voltages. 
Thus, as shown in FIG. 1 B, the electronic circuitry 140 operates from three DC 
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operational voltages 138a-138c at -5 volts DC, +5 volts DC, and -12 volts DC 
respectively. Other DC operational voltages may be used. It will be understood that 
electronic circuitry 140 can be a personal computer, workstation, minicomputer, 
mainframe computer, or any other consumer, commercial, or military electronic 
5 product. 

In order to supply the DC operational voltages 138a-138c, a power supply 130 
converts the AC current produced by UPS 110 into the DC operational voltages 138a- 
138c for electronic circuitry 140. Accordingly, power supply 130 typically includes 
input rectification, for example as provided by full-wave rectifying diodes 132, that 

10 produce a rectified voltage. It will also be understood by those having skill in the art 
that half-wave input rectification or other forms of input for rectification may also be 
used. A capacitor 134 may be used to filter the rectified voltage from full-wave 
rectifying diodes 132. Hie filtered voltage is provided to an DC to DC converter 136. 
DC to DC converter 136 may include a boost converter and/or a high frequency 

1 5 converter, as is well known to those having skill in the art. A boost converter may be 
included to provide power factor correction and to reduce total harmonic distortion in 
the input AC line current. The design of power supply 130 is well known to those 
having skill in the art and need not be described further herein. 

UPSs may be generally classified into online UPSs and standby UPSs. In an 

20 online UPS, a battery is used to power the AC load via a DC to AC inverter. An AC 
to DC converter (also referred to as a "charger") maintains the battery in its charged 
state. Since the battery is always powering the AC load, there need be no transition 
when the AC utility input voltage fails. Moreover, the battery can filter distortion or 
noise in the AC utility input voltage to thereby reduce "let through*' to the AC load. 

25 Unfortunately, online UPSs may require a large battery, an AC to DC converter and a 
DC to AC inverter. Accordingly, online UPSs may be expensive and bulky. 

In contrast, a standby UPS powers the AC load from the AC utility input 
voltage until the AC utility input voltage fails. A battery and inverter are then 
switched in to thereby power the AC load. The battery and inverter therefore only 

30 power the AC load on a standby basis. 

FIG. 2 is a block diagram of a conventional standby UPS. As shown in FIG. 
2, standby UPS 110' accepts the AC utility input voltage 100 from first plug 102 and 
feeds the AC utility input voltage to an AC load via the second plug 112 through a 
first switch 202. The first switch 202 may be a relay and/or a thyristor (triac) that 
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remains closed as long as the AC utility input voltage is supplied to the first plug 102. 
Upon loss of the AC utility input voltage 100, the first switch 202 is opened. The first 
switch 202 may open due to its normally open configuration, or under the control of 
controller 214. The second switch 204 is then closed by controller 214. By closing 
5 the second switch 204, a DC to AC inverter 212 provides AC power from the battery 
210 to the AC load 120 via the second plug 112. When the AC utility input voltage is 
restored to the first plug 102, the second switch 204 opens and the first switch 202 
closes, thereby disconnecting the battery 210. The opening and closing of the first 
switch 202 and the second switch 204 may be controlled by controller 214 upon 

10 sensing the loss and restoration of the AC utility input voltage 100 via a sensing line 
216. Other arrangements may also be used as is well known to those having skill in 
the art. A charger 206 maintains the battery 210 in the charged state. The design and 
operation of a conventional standby UPS 110 T is well known to those having skill in 
the art, and need not be described further herein. 

15 Unfortunately, a conventional standby UPS 110' may have many 

shortcomings. For example, in order to avoid backfeed from the standby UPS HO 1 
into the AC utility input voltage 100 via the first plug 102, a delay is preferably 
applied by the controller 214 so that the first switch 202 opens before the second 
switch 204 is closed. This makes the switching from the AC utility input voltage 100 

20 to the standby battery 210 a "break before make" transition. The AC load 120 will 
generally be unpowered during this transition. Moreover, switch 204 may need to be 
a high- voltage bidirectional switch that is able to block peak input line surge voltage 
in addition to blocking the inverter voltage. Finally, the DC to AC inverter 212 that 
supplies power from the battery 210 may need to be fully rated on a continuous basis 

25 and may need to be capable of supplying the surge power demands of the AC load on 
a short-term basis. The DC to AC inverter 212 may also need to provide isolation 
between the battery and load when the battery is low voltage and ground referenced. 
Accordingly, the DC to AC inverter 212 may be costly and unreliable. 

Examples of online UPSs that include a high-frequency resonant converter are 

30 illustrated in U.S. Patent 5,291 ,383 to the present inventor Oughton that is assigned to 
the assignee of the present invention. In this patent, FIG. I illustrates a block diagram 
of a UPS system. The UPS system comprises a rectifier connectable to an AC utility 
power source. The rectifier provides a DC voltage to an input filter, which in turn 
provides unregulated DC voltage to the input of a high-frequency resonant converter. 
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The resonant converter provides regulated AC voltage at its output to an isolation 
power transformer. The power transformer includes a primary winding and a 
secondary winding, with the primary winding and the secondary winding coupling the 
converter to the rectifier which, through an output filter, supplies DC voltage to a 
5 pulse width modulation (PWM) inverter. The PWM inverter furnishes an AC voltage 
to the load connected to the UPS system through a low pass filter. Appropriate 
control circuitry is provided for control of the PWM inverter and for control of the 
resonant converter. The UPS system also includes a battery connectible to the input 
of the converter through a switch, and a charger for the battery, which charger is also 
10 connected to an AC source. See the Oughton patent. Column 1, lines 13-36. See also 
U.S. Patent 5,057,698 to Widener and the present inventor Oughton. 

The above description indicates that UPSs can be costly, complicated and 
bulky, and prone to reliability problems. Standby UPSs also may not provide 
seamless transition to the AC load upon loss of the AC utility input voltage. 

15 

Summary of the Invention 

It is therefore an object of the present invention to provide improved standby 
UPS systems and methods that can provide standby and uninterruptible power for AC 
loads. 

20 It is another object of the present invention to provide systems and methods 

for producing standby uninterruptible power for an AC load that can reduce the cost, 
complexity and/or bulk of the components that are used. 

It is still another object of the present invention to provide systems and 
methods for producing standby uninterruptible power for an AC load that can provide 

25 seamless transfer of power to the AC load upon failure of the AC utility input voltage 
and upon restoration of the AC utility input voltage. 

These and other objects are provided, according to the present invention, by 
systems and methods for producing standby uninterruptible power for an AC load, 
that rectify an AC utility input voltage to produce a rectified voltage and that activate 

30 a DC battery voltage in response to a predetermined change in the AC utility input 
voltage to thereby produce a standby DC voltage. The rectified voltage and the 
standby DC voltage are connected to an AC load that includes input rectification to 
thereby produce standby uninterruptible power without the need for costly, bulky, 
and/or unreliable inverters or converters. Seamless transfer of power may be 
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provided to support the AC Load upon failure of the AC utility input voltage and upon 
restoration of the AC utility input voltage. 

The present invention stems from the realization that many AC loads, 
including but not limited to AC loads that include electronic circuitry and a power 
5 supply with input rectification as was described in connection with FIG. IB, do not 
need AC power at the input thereof. Rather, many AC loads can operate satisfactorily 
from a rectified AC source. Accordingly, rather than producing AC power to the AC 
load when the AC utility input voltage is operational, rectified AC power is produced. 
Upon failure of the AC utility input voltage, a standby DC voltage is supplied by the 

1 0 battery. The rectified AC voltage and the standby DC voltage can be used 

satisfactorily by many AC loads that include input rectification. Accordingly, the 
need for bulky and costly inverters or converters may be eliminated to thereby allow 
reduced cost, bulk and/or improved reliability of the UPS. 

In a preferred embodiment, the AC utility input voltage is rectified using one 

1 5 or more diodes. These diodes can prevent backfeed into the AC utility input voltage 
so that the standby DC voltage can be applied to the AC load immediately, to thereby 
provide a seamless transition. A diode switch (i.e., a unidirectional switch) activates 
and deactivates the battery, so that the battery need not be deactivated until it is 
assured that the AC utility input voltage has been folly restored. Accordingly, 

20 seamless power may be delivered to the load upon restoration of the AC utility input 
voltage. 

In a preferred embodiment of the present invention, the AC utility input 
voltage is rectified by a diode rectifier, most preferably a full-wave diode rectifier 
including at least four diodes, to produce the rectified voltage. A diode switch is used 

25 to activate the DC voltage from the battery in response to a predetermined change in 
the AC utility input voltage to thereby produce the standby DC voltage. The diode 
switch may comprise a separate diode and an electronic or electromechanical switch. 
Alternatively, the diode switch may be a single element such as a thyristor. The diode 
rectifier and the diode switch are connected in a diode-OR connection that provides 

30 the standby uninterruptible power to the output of the UPS. 

The diode-OR connection allows the strongest source to support the AC load 
at all times. Thus, the switching can be make-before-break to support seamless power 
to the AC load. Accordingly, a controller can activate the diode switch, to thereby 
activate the battery in response to failure of the AC utility input voltage, without first 
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disconnecting the AC utility input voltage from the UPS. A seamless transition may 
thereby be provided. Moreover, the diode-OR connection allows the battery to be 
activated in response to reduction of the AC utility input voltage due to a brownout or 
other condition, without the need to wait for a complete failure of the AC utility input 
5 voltage. Finally, upon restoration of the AC utility input voltage, the diode-OR 

connection can eliminate the need to disconnect the battery prior to reconnecting the 
AC utility input voltage. Rather, both the battery and the AC utility input voltage 
may be connected concurrently using the diode-OR connection, so that the battery 
need not be disconnected until it has been assured that the restored AC utility input 
10 voltage is stable. Accordingly, systems (apparatus) and methods for producing 
standby uninterruptible power for an AC load that includes input rectification can 
provide seamless, low cost, compact, and/or reliable standby uninterruptible power. 

Brief Description of the Drawings 
15 FIG. 1 A is a simplified block diagram of a conventional AC load powered by 

an AC utility input voltage. 

FIG. IB is a simplified block diagram of a conventional UPS that is inserted 
between an AC utility input voltage and an AC load. 

FIG. 2 is a block diagram of a conventional UPS. 
20 FIG. 3 illustrates first embodiments of UPS systems and methods according to 

the present invention. 

FIG. 4 illustrates second embodiments of UPS systems and methods according 
to the present invention. 

FIG. 5 is a timing diagram illustrating voltages and signals of Figures 3 and 4. 
25 FIG. 6 is a flowchart illustrating operations of controllers of Figures 3 and 4. 

Detailed Description of Preferred Embodiments 
The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of the 
30 invention are shown. This invention may, however, be embodied in many different 
forms and should not be construed as limited to the embodiments set forth herein; 
rather, these embodiments are provided so that this disclosure will be thorough and 
complete, and will fully convey the scope of the invention to those skilled in the art. 
Like numbers refer to like elements throughout. 
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Referring no w to FIG, 3, first embodiments of UPS systems and methods of 
the present invention will now be described. A shown in FIG. 3, the input of a UPS 
310 according to the invention is connected to the AC utility input voltage 100 via a 
first plug 102. The output of the UPS 310 is connected to an AC load 120 via a 
5 second plug 112. As was already described, second plug 112 may not be needed if 
UPS 310 is integrated into the AC load 120. 

Continuing with the description of FIG. 3, the UPS 310 includes a diode 
rectifier, for example a single diode 328, that provides half-wave rectification of the 
AC utility input voltage 100. A battery 320 and a diode switch 314 are serially 

10 connected to the diode rectifier 328 in a diode-OR connection 330. The battery 320 
produces a DC voltage Vb that is sufficient to power the AC load 120. When diode 
switch 314 is active, a standby DC voltage Vs is produced. As is well known to those 
having skill in the an, a diode-OR connection includes two or more diodes that are 
connected to a common node so that only one diode can pass current to the common 

15 node, and the remaining diodes will block current from the common node. In other 
words, a unidirectional connection is provided. Thus, in FIG. 3, the diode-OR 
connection 330 prevents current from the battery 320 from being fed back to the AC 
utility input voltage 100 and also prevents current from the AC utility input voltage 
100 from being fed to the battery 320. The diode-OR connection 330 provides the 

20 output of the UPS 310. 

The UPS 310 also includes a line switch 312. The line switch 312 may be 
optional because the diode 328 can prevent backfeed into the AC utility input voltage 
100 from the battery 320. However, regulations may require inclusion of a 
mechanical line switch 312. 

25 In the embodiment of FIG. 3, the diode switch 314 comprises a diode 316 and 

a switch 318 that are serially connected between the diode-OR connection 330 and the 
battery 320. The switch 318 may be an electromechanical switch such as a relay. 
Alternatively, switch 318 can be an electronic switch such as an insulated gate bipolar 
transistor (IGBT), a power field effect transistor (FET), a bipolar transistor or any 

30 other electronic switch. The diode switch 314 provides unidirectional current flow. 

Still continuing with the description of FIG. 3, a battery charger 322 is also 
included to charge the battery 320. The design of the battery charger 322 is well 
known to those having skill in the art and need not be described herein. Finally, 
controller 324 senses the AC utility input voltage 100 via a sensing line 326, controls 
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line switch 312 via second control line 334, and controls the switch 318 of the diode 
switch 314 via first control line 332, as will be described in detail below. 

In general however, upon loss of the AC utility input voltage 100, as sensed at 
sensing line 326, controller 324 can close switch 318 of diode switch 314 
5 immediately, before the line switch 312 is opened, to provide a seamless transfer of 
power to support the AC load 120. Diode 328 provides unidirectional current 
conduction, and prevents backfeed to the AC utility input voltage 100. The controller 
can then open line switch 312 to comply with regulatory requirements that may 
require a physical opening of a switch when the battery backup is being used. Upon 

10 restoration of AC utility input voltage 100. the controller 324 can close line switch 
312. Diode switch 314 or 314* provides unidirectional current conduction so that AC 
utility input voltage 100 does not flow into battery 320. After waiting a 
predetermined amount of time, switch 318 can be opened once stable line power is 
assured. It will be understood that controller 324 may be embodied using one or more 

1 5 analog or digital integrated circuits, discrete analog or digital circuits, integrated 
circuit microprocessors that run a stored program, Application-Specific Integrated 
Circuits (ASIC) or any other combination of hardware and/or software. 

FIG. 4 illustrates second embodiments of the present invention. As shown in 
FIG. 4, a UPS 410 includes a full-wave diode rectifier comprising four diodes 428a- 

20 428d that are connected in a manner well known to those having skill in the art. 
Moreover, diode switch 314' is an integrated (single element) diode switch, for 
example a thyristor, that includes a switch and a diode in a single semiconductor 
device. As in FIG. 3, controller 324 controls thyristor 314* using first line 332. 
Controller 324 controls line switch 312 using second control line 334. 

25 Referring now to FIGS- 5 and 6, operation of UPSs according to the invention 

as shown in FIGS. 3 and 4 will now be described. FIG. 5 is a timing diagram 
illustrating various voltages and signals in UPSs of FIGS. 3 and 4. FIG. 6 is a flow 
chart illustrating operations of controller 324. It will be understood that each block of 
the flowchart illustrations^ and combinations of blocks in the flowchart illustrations, 

30 can be implemented by computer program instructions. These computer program 
instructions may be provided to a processor or other programmable data processing 
apparatus to produce a machine, such that the instructions which execute on the 
processor or other programmable data processing apparatus create means for 
implementing the functions specified in the flowchart block or blocks. These 
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computer program instructions may also be stored in a computer-readable memory 
that can direct a processor or other programmable data processing apparatus to 
function in a particular manner, such that the instructions stored in the computer- 
readable memory produce an article of manufacture including instruction means 
5 which implement the functions specified in the flowchart block or blocks. 

Accordingly, blocks of the flowchart illustrations support combinations of 
means for performing the specified functions, combinations of steps for performing 
the specified functions and program instruction means for performing the specified 
functions. It will also be understood that each block of the flowchart illustrations, and 

1 0 combinations of blocks in the flowchart illustrations, can be implemented by special 
purpose hardware-based computer systems which perform the specific functions or 
steps such as is described in FIG. 6, or by combinations of special purpose hardware 
and computer instructions. 

Referring now to FIGS. 3, 4, 5 and 6, operations begin with the AC utility 

15 input voltage 100 providing a normal sinusoidal voltage at first plug 102, also referred 
to herein as V 10 o, from time TO to time Tl. During this time, the controller 324 
senses the AC utility input voltage at Block 602 via line 326 until there is a change at 
Block 604 at time Tl. As will be described below, this change can be a failure of the 
AC utility input voltage 100 due to a power outage or can be a reduction in the AC 

20 utility input voltage 100 due to a brownout. 

As shown in FIG. 5, from time TO to time Tl, the control signal on first 
control line 332, designated herein as V332, is inactive. Similarly, the standby DC 
voltage contribution from the battery 320, designated herein as V s , is zero. The 
output voltage of the UPS 410 at diode-OR connection 330, designated herein as V 3 30» 

25 is a half-wave rectified AC voltage (FIG. 3) or a full-wave rectified AC voltage (FIG. 
4). 

Referring back to FIG. 6, when a change in the AC utility input voltage is 
detected at Block 604 via sensing line 326, controller 324 waits for a time interval T2 
to insure that the AC utility input voltage 100 has changed, rather than merely being 
30 subject to a voltage spike or dropout. It will be understood that the time interval T2 
may be very small, generally a fraction of a cycle of the AC input voltage. Moreover, 
the time interval T2 may be minimized, so that it depends only upon the minimum 
sensing time of the controller 324. Accordingly, for time interval T2, controller 
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voltage V 332 remains inactive, standby voltage V s remains at zero, and the output 
voltage V330 also falls to zero. 

Referring again to FIG. 6, at Block 608 diode switch 314 or 314' is activated 
by controller 324 via first control line 332 if the AC utility input voltage V 10 o remains 
5 changed for the time interval T2. Accordingly, as shown in FIG. 5, the first control 
line 332 is activated at the conclusion of time interval T2, to thereby activate the 
diode switch 314 or 314'. The standby DC voltage V s therefore increases to its 
maximum value and the output voltage V330 provides DC voltage that preferably is 
similar to the RMS value of the AC utility input voltage V100, or other value that is 

10 adequate to power the AC load 120. Optionally, as shown in FIG. 6 at Block 612, the 
line switch 312 may be deactivated by controller 324 using second control line 334. It 
will also be understood that the line switch 334 may open due to mechanical action of 
the line switch 312 itself without controller intervention. 

At Block 614, the controller 324 continues to sense the AC utility input 

1 5 voltage V100, to sense when AC utility input voltage V100 has been restored (Block 
616). Referring again to FIG. 5, at time T3, the AC utility input voltage of V i0 o has 
been restored. In response to sensing the input voltage restoration at Block 616, the 
line switch 312 may be activated by the controller 324 via the second control line 334, 
at Block 618. It will also be understood that the line switch 312 may be self-activated 

20 upon restoration of the line voltage without requiring activation by controller 324. 

Continuing with the description of FIG. 6, at Block 622 the diode switch 314 
or 314* is not immediately deactivated. Rather, the controller 324 waits for a time 
interval T4 to insure that AC utility input voltage V100 is stable. During the time 
interval T4, due to the diode-OR connection 330, diode switch 314 or 314 f becomes 

25 reverse biased and decouples the DC voltage V B from battery 320 from the UPS 
output when the AC utility input voltage 100 exceeds the DC battery voltage V B * 
Thus, during time interval T4, the battery 320 and the AC utility input voltage 100 
alternatingly provide the UPS output voltage at diode-OR connection 320, depending 
on whether the rectified AC utility input voltage or the DC battery voltage is higher. 

30 It will be understood that the above description assumes no voltage drop across diode 
316 or diode switch 314\ If there is a voltage drop, the battery 320 and the AC utility 
input voltage 100 alternatingly provide the output voltage at the diode-OR connection 
320, depending on whether the rectified AC utility input voltage, or the DC battery 
voltage less the voltage drop, is higher. 
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After time interval T4 has elapsed, and it has been insured that stable AC 
utility input voltage 100 is present, the diode switch 314 or 314* is deactivated at 
Block 624. It will be understood that during time interval T4, the restored AC utility 
input voltage can synchronize to the AC load, without the need for complex phase- 
5 locked loops in the UPS. The rectified AC utility input voltage is then supplied by the 
UPS, and the battery charger 322 recharges the battery 320. 

It will be understood that when switch 314 1 is a thyristor or silicon-controlled 
rectifier (SCR) as shown in FIG. 4, line commutation may be used to turn off the 
switch 314* after deactivation of the first control line 332. When switch 318 is a 

10 separate switch from diode 316 as shown in FIG. 3, such as an insulated gate bipolar 
transistor (IGBT) or another electronic or manual switch, the controller 324 can turn 
off the switch 318 by deactivating first control line 332. Thus, a low voltage dropout 
may be provided to prevent overdischarge of the battery 320, and the line voltage 
peak need not exceed the battery voltage to commutate off the switch 314'. 

15 Accordingly, when line loss is detected, the diode switch 314 or 314' may be 

immediately closed to provide standby power without having to wait for the line 
switch 312 to open. The line switch can then be opened to further insure that 
backfeed will not occur. This allows a "make-before-break" transition to be executed 
to thereby provide seamless power transfer. The battery 320 can preferably support 

20 both steady-state and short-term load power demands. Thus, when AC utility input 
voltage 100 returns, the line switch 312 is closed and the diode switch 314 or 314* 
becomes reverse biased, thereby naturally decoupling the battery 320 from the AC 
utility input voltage 100. The diode switch 314 or 314' can then be deactivated once 
the AC utility input voltage is stable. 

25 Since rectified AC is provided to the UPS output node 330, the diode switch 

314 or 314* need only be rated to block the battery voltage V B rather than being rated 
to block the battery voltage Vb and the peak AC utility input voltage 100. Thus, 
compared to the switch 204 of FIG. 2, the diode switch 314 or 314' need not be 
bidirectional and can be rated to block only a fraction of the voltage that may need to 

30 be blocked by switch 204. If low voltage dropout is desired, the diode switch 314 or 
314' may comprise an insulated gate bipolar transistor (IGBT) and diode in series, 
which can allow battery deactivation while in standby mode. 

Moreover, battery 320 is preferably of appropriately high voltage so that there 
is no need to use the DC to AC inverter 212 of FIG. 2. The battery 320 can inherently 
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provide short-term overload capability for load in-rush or other short-term loads. In 
contrast, if a DC to DC converter is included in the DC to AC inverter 212 of FIG. 2, 
it may need to be rated to support not only steady state power but also short-term 
overload demands as well. 
5 The DC (unipolar) output of the present invention is compatible with power 

supplies that include input rectification, as are commonly used with many electronic 
circuits. Since power line frequency filtering need not be performed, the present 
invention need not interfere with low harmonic distortion/power factor corrected 
power supplies. When used with power supplies incorporating power factor 

1 0 correction and/or harmonic reduction techniques, the power factor correction in the 
power supply can be used to boost a moderate battery voltage to the voltage that is 
used by the power supply. Thus, a 100-120 volt battery 320 can support a 100-240V 
RMS power supply 120 that includes power factor correction. If power factor 
correction is not included, a 240V battery 320 may be used. 

15 It will also be understood that no additional electromagnetic interference 

(EMI) need be generated by the present invention because high frequency inverters 
and/or converters need not be used. The charger 322 may generate a low level of 
EMI that is conventionally much lower than that generated by inverters or converters, 
and that can be filtered at the charger without the need to provide a filter that is 

20 designed to carry the full load cufrent of the UPS. High efficiency and low losses in 
the invention can provide operation without the need for a fan or extraordinary 
ventilation. This may facilitate integrating a UPS with an AC load. 

Finally, as was illustrated in time interval T4 of FIG. 5, a natural sharing of 
load power can occur according to the present invention. Accordingly, during a 

25 brownout, when the AC utility input voltage is still present at reduced levels, the AC 
utility input voltage can provide the output of a UPS when its voltage is greater than 
battery voltage V B (less any voltage drops in diode switches 314 or 314 1 ). However, 
when battery voltage V B is higher than AC utility input voltage 100, the battery 320 
can supply the output voltage of the UPS. This may be beneficial during extended 

30 brownout conditions wherein battery power need be consumed only for the portion of 
time that the AC utility input voltage falls below the battery voltage. This can greatly 
extend the available backup time during a brownout. 

Since the present invention produces rectified AC voltage when the AC utility 
input voltage is present, the input power cord for the AC load 120 may need to be 
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modified or replaced to provide a power cord that is rated to safely carry the rectified 
AC that includes a DC component. Thus, for AC loads that use IEC320 power cords 
that are rated at 250V, either AC or DC power may be carried by these cords. 
However, for NEMA power cords, a DC NEMA power cord may need to be 
5 substituted for a conventional AC NEMA power cord. This DC NEMA power cord 
may be provided along with UPSs according to the present invention to facilitate 
installation and to comply with regulatory requirements. 

It will also be understood that by providing rectified AC voltage to the power 
supply 130, the present invention may only cause two of the four diodes 132 in the 

10 power supply 130 to conduct, thereby potentially increasing power dissipation and 

reducing the mean-time-to-failure of these two diodes. However, since all four diodes 
132 are conventionally packaged in a single electronic package, the increase in power 
dissipation and the reduction in mean-time-to-failure for the four-diode electronic 
package may be minimal. 

15 In conclusion, a rectified voltage is applied to AC loads that include input 

rectification, that are traditionally powered from an AC utility input voltage. A 
battery that is sufficient to power the AC load directly is diode-ORed to allow battery 
power to be fed directly to the AC load whenever the AC utility input voltage is 
insufficient to power the AC load. Seamless power to the AC load may be provided, 

20 and a traditional inverter and/or converter between the battery and the AC load can be 
eliminated. Standby UPSs and methods according to the invention can therefore be 
more rugged, can have higher reliability, better performance and/or lower cost than 
conventional standby UPSs. 

In the drawings and specification, there have been disclosed typical preferred 

25 embodiments of the invention and, although specific terms are employed, they are 
used in a generic and descriptive sense only and not for purposes of limitation, the 
scope of the invention being set forth in the following claims. 



WO 99/60690 PCT/US99/05605 

14 

What is Claimed is : 

1 . A standby Uninterruptible Power Supply (UPS) comprising: 
means for rectifying an alternating current (AC) utility input voltage to 

produce a rectified voltage; 

a battery that produces a direct current (DC) voltage; 
5 means for activating the DC voltage in response to a predetermined change in 

the AC utility input voltage to thereby produce a standby DC voltage; and 

means for connecting the rectified voltage and the standby DC voltage to an 
AC load that includes input rectification. 

2. A standby UPS according to Claim 1 wherein the means for rectifying 
comprises a diode rectifier. 

3. A standby UPS according to Claim 2 wherein the means for activating 
comprises a diode and a switch. 

4. A standby UPS according to Claim 3 wherein the diode and switch 
comprise a thyristor. 

5. A standby UPS according to Claim 3 wherein the switch comprises an 
electronic switch or an electromechanical switch. 

6. A standby UPS according to Claim 1 wherein the means for activating 
comprises means for activating the DC voltage in response to failure of the AC utility 
input voltage to thereby produce the standby DC voltage. 

7. A standby UPS according to Claim 1 wherein the means for activating 
comprises means for activating the DC voltage in response to failure of the AC utility 
input voltage for a predetermined time to thereby produce the standby DC voltage. 

8- A standby UPS according to Claim 1 wherein the means for activating 
comprises means for activating the DC voltage in response to reduction of the AC 
utility input voltage to thereby produce the standby DC voltage. 
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9. A standby UPS according to Claim 1 wherein the means for 
connecting comprises means for connecting the rectified voltage and the standby DC 
voltage to an AC power supply that includes input rectification. 

1 0. A method of producing standby uninterruptible power for an AC load 
that includes input rectification, comprising the steps of: 

rectifying an alternating current (AC) utility input voltage to produce a 
rectified voltage; 

5 activating a direct current (DC) battery voltage in response to a predetermined 

change in the AC utility input voltage to thereby produce a standby DC voltage; and 

connecting the rectified voltage and the standby DC voltage to the AC load 
that includes input rectification. 

11. A method according to Claim 1 0 wherein the rectifying step comprises 
the step of diode rectifying the AC utility input voltage to produce the rectified 
voltage. 

12. A method according to Claim 1 1 wherein the activating step comprises 
the step of unidirectionally activating the DC battery voltage in response to the 
predetermined change in the AC utility input voltage to thereby produce the standby 
DC voltage. 

13. A method according to Claim 1 0 wherein the activating step comprises 
the step of activating the DC battery voltage in response to failure of the AC utility 
input voltage to thereby produce the standby DC voltage. 

14. A method according to Claim 13 wherein the activating step comprises 
the step of activating the DC battery voltage in response to failure of the AC utility 
input voltage for a predetermined time to thereby produce the standby DC voltage. 

15. A method according to Claim 10 wherein the activating step comprises 
the step of activating the DC battery voltage in response to reduction of the AC utility 
input voltage to thereby produce the standby DC voltage. 
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1 6. A method according to Claim 10 wherein the connecting step 
comprises the step of connecting the rectified voltage and the standby DC voltage to 
an AC power supply that includes rectification at the input thereof. 

17. A standby Uninterruptible Power Supply (UPS) that produces 
uninterruptible power at the output thereof, comprising: 

a rectifier that rectifies an alternating current (AC) utility input voltage to 
produce a rectified voltage; 
5 a battery that produces a direct current (DC) voltage; and 

a switch that is connected to the battery to produce a standby DC voltage from 
the battery in response to a predetermined change in the AC utility input voltage, the 
rectifier and the switch being connected to the output of the UPS to thereby provide 
the rectified voltage and the standby DC voltage at the output of the UPS. 

18. A standby UPS according to Claim 1 7 wherein the rectifier comprises 
a diode rectifier. 

19. A standby UPS according to Claim 1 7 wherein the diode rectifier 
comprises a full wave diode rectifier. 

20. A standby UPS according to Claim 1 9 wherein the switch comprises a 
diode switch. 

21. A standby UPS according to Claim 20 wherein the diode switch 
comprises a thyristor. 

22. A standby UPS according to Claim 20 wherein the diode switch 
comprises a diode in series with an electronic switch or an electromechanical switch. 

23. A standby UPS according to Claim 1 7 further comprising a controller 
that is connected to the switch, that activates the switch to produce the standby 
voltage from the battery in response to the predetermined change in the AC utility 
input voltage. 
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24. A standby UPS according to Claim 23 wherein the controller activates 
the switch in response to failure of the AC utility input voltage to thereby produce the 
standby DC voltage. 

25. A standby UPS according to Claim 23 wherein the controller activates 
the switch in response to failure of the AC utility input voltage for a predetermined 
time to thereby produce the standby DC voltage. 

26. A standby UPS according to Claim 23 wherein the controller activates 
the switch in response to reduction of the AC utility input voltage to thereby produce 
the standby DC voltage. 

27. A standby UPS according to Claim 17 wherein the output of the 
standby UPS is connected to an AC power supply that includes input rectification. 

28. A method of producing standby uninterruptible power for an AC load 
at an output node, comprising the steps of: 

rectifying an alternating current (AC) utility input voltage to produce a 
rectified voltage; 

5 activating a direct current (DC) battery voltage in response to a predetermined 

change in the AC utility input voltage to thereby produce a standby DC voltage; and 
connecting the rectified voltage and the standby DC voltage to the output 

node. 

29. A method according to Claim 28 wherein the rectifying step comprises 
the step of diode rectifying the AC utility input voltage to produce the rectified 
voltage. 

30. A method according to Claim 29 wherein the activating step comprises 
the step of unidirectionally activating the DC battery voltage in response to the 
predetermined change in the AC utility input voltage to thereby produce the standby 
DC voltage. 
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31. A method according to Claim 28 wherein the activating step comprises 
the step of activating the DC battery voltage in response to failure of the AC utility 
input voltage to thereby produce the standby DC voltage. 

32. A method according to Claim 3 1 wherein the activating step comprises 
the step of activating the DC battery voltage in response to failure of the AC utility 
input voltage for a predetermined time to thereby produce the standby DC voltage. 

33. A method according to Claim 28 wherein the activating step comprises 
the step of activating the DC batteiy voltage in response to reduction of the AC utility 
input voltage to thereby produce the standby DC voltage. 

34. A method according to Claim 28 wherein the connecting step is 
followed by the step of further connecting the output node to an AC power supply that 
includes rectification at the input thereof. 

35. A standby Uninterruptible Power Supply (UPS) that provides standby 
uninterruptible power at the output thereof, comprising: 

a diode rectifier that rectifies an alternating current (AC) utility input voltage; 

a battery and a diode switch that are serially connected to the diode rectifier in 
5 a diode-OR connection, the diode switch being responsive to a predetermined change 
in the AC utility input voltage, the diode-OR connection providing the standby 
uninterruptible power for the UPS at the output thereof. 

36. A standby UPS according to Claim 36 wherein the diode rectifier 
comprises a full wave diode rectifier. 

37. A standby UPS according to Claim 35 wherein the diode switch 
comprises a thyristor. 



38. A standby UPS according to Claim 35 wherein the diode switch 
comprises a diode in series with an electronic switch or an electromechanical switch. 
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39. A standby UPS according to Claim 35 further comprising a controller 
that is connected to the diode switch, and that activates the diode switch in response to 
the predetermined change in the AC utility input voltage. 

40. A standby UPS according to Claim 39 wherein the controller activates 
the diode switch in response to failure of the AC utility input voltage. 

41 . A standby UPS according to Claim 39 wherein the controller activates 
the diode switch in response to failure of the AC utility input voltage for a 
predetermined time. 

42. A standby UPS according to Claim 39 wherein the controller activates 
the switch in response to reduction of the AC utility input voltage for a predetermined 
time. 

43. A standby UPS according to Claim 35 wherein the output of the 
standby UPS is connected to an AC power supply that includes input rectification. 

44. A method of controlling a standby Uninterruptible Power Supply 
(UPS) that includes a diode rectifier that rectifies an alternating current (AC) utility 
input voltage, and a battery and a diode switch that are serially connected to the diode 
rectifier in a diode-OR connection, the method comprising the steps of: 

5 sensing a change in the AC utility input voltage; 

waiting for a first predetermined time; 

activating the diode switch after the first predetermined time if the sensed 
change in the AC utility input voltage persists; 

sensing for restoration of the AC utility input voltage; 
1 0 waiting for a second predetermined time; and 

deactivating the diode switch after the second expiration time if the sensed 
restoration in the AC utility input voltage persists. 

45. A method according to Claim 44 wherein the step of sensing a change 
comprises the step of sensing a failure of the AC utility input voltage. 
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46. A method according to Claim 44 wherein the step of sensing a change 
comprises the step of sensing a reduction in the AC utility input voltage. 

47. A method according to Claim 44 wherein the first predetermined time 
is substantially less than the second predetermined time. 

48. A method according to Claim 47 wherein the first predetermined time 
is a fraction of a cycle of the AC utility input voltage and wherein the second 
predetermined time is a plurality of cycles of the AC utility input voltage. 

49. A method according to Claim 44 wherein the UPS further includes a 
line switch between the AC utility input voltage and the diode rectifier: 

wherein the activating step is followed by the step of deactivating the line 
switch; and 

5 wherein the step of deactivating the diode switch is preceded by the step of 

activating the line switch. 

50. A standby Uninterruptible Power Supply (UPS) comprising: 
means for rectifying an alternating current (AC) utility input voltage to 

produce a rectified voltage; 

a battery that produces a direct current (DC) voltage; 
5 means for activating the DC voltage in response to a predetermined change in 

the AC utility input voltage to thereby produce a standby DC voltage; and 

means for producing at least one DC operational voltage for a load from the 
rectified voltage and the standby DC voltage. 

51. A standby UPS according to Claim 50 wherein the means for 
rectifying comprises a diode rectifier. 

52. A standby UPS according to Claim 5 1 wherein the means for 
activating comprises a diode and a switch. 

53. A standby UPS according to Claim 52 wherein the diode and switch 
comprise a thyristor. 
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54. A standby UPS according to Claim 52 wherein the switch comprises 
an electronic switch or an electromechanical switch. 

55. A standby UPS according to Claim 50 wherein the means for 
activating comprises means for activating the DC voltage in response to failure of the 
AC utility input voltage to thereby produce the standby DC voltage. 

56. A standby UPS according to Claim 50 wherein the means for 
activating comprises means for activating the DC voltage in response to failure of the 
AC utility input voltage for a predetermined time to thereby produce the standby DC 
voltage. 

57. A standby UPS according to Claim 50 wherein the means for 
activating comprises means for activating the DC voltage in response to reduction of 
the AC utility input voltage to thereby produce the standby DC voltage. 

58. A method of producing standby uninterruptible power, comprising the 
steps of: 

rectifying an alternating current (AC) utility input voltage to produce a 
rectified voltage; 

5 activating a direct current (DC) battery voltage in response to a predetermined 

change in the AC utility input voltage to thereby produce a standby DC voltage; and 

producing at least one DC operational voltage for a load from the rectified 
voltage and the standby DC voltage. 

59. A method according to Claim 58 wherein the rectifying step comprises 
the step of diode rectifying the AC utility input voltage to produce the rectified 
voltage. 

60. A method according to Claim 59 wherein the activating step comprises 
the step of unidirectionally activating the DC battery voltage in response to the 
predetermined change in the AC utility input voltage to thereby produce the standby 
DC voltage. 
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61. A method according to Claim 58 wherein the activating step comprises 
the step of activating the DC battery voltage in response to failure of the AC utility 
input voltage to thereby produce the standby DC voltage. 

62. A method according to Claim 61 wherein the activating step comprises 
the step of activating the DC battery voltage in response to failure of the AC utility 
input voltage for a predetermined time to thereby produce the standby DC voltage. 

63. A method according to Claim 58 wherein the activating step comprises 
the step of activating the DC battery voltage in response to reduction of the AC utility 
input voltage to thereby produce the standby DC voltage. 



WO 99/60690 



PCT/US99/05605 




FIG. 2 

PRIOR ART 



102 

V 



102 

\ 



> 



I 



110' 



# • s 



202 



112 



206 



-216 



CHARGER 



JL 



214 



CONTROLLER 



204 



DC 



AC 



212 



112 



210 



/ 



SUBSTITUTE SHEET (RULE 26) 



WO 99/60690 



PCT/US99/05605 



2/8 



O 
CM 



o — a:oz> — h-cc>- 



00 £ 

r-H < 

O 2 

rr ^ 



00 
CO 

O rH' 

00 



| -5VDC 
! +5VDC 


i 138b 
! -12VDC 







o 
00 
CO 



/ ooz>ujo:i-uja: 




CM 



QC; _1 >? _ 

— Q- O 3 2, 
Z) cc 



I 



CM 

o 



c 3 



o 
o 




SUBSTITUTE SHEET (RULE 26) 



WO 99/60690 



PCT/US99/05605 




SUBSTITUTE SHEET (RULE 26) 



WO 99/60690 



PCT/OS99/05605 



4/8 




C\J 



I 



SUBSTITUTE SHEET (RULE 26) 



WO 99/60690 



PCT/US99/05605 




SUBSTITUTE SHEET (RULE 26) 



WO 99/60690 



PCT/US99/05605 




SUBSTITUTE SHEET (RULE 26) 



WO 99/60690 



PCT/US99/05605 




SUBSTITUTE SHEET (RULE 26) 



WO 99/60690 



PCT/US99/05605 



8/8 



CONTROLLER 



324 



SENSE AC 
UTILITY INPUT 
VOLTAGE 



602 




604 

CHANGE\NO_ 
? 



606 



WAIT FOR 
TIME INTERVAL 

T 2 



ACTIVATE 
DIODE 
SWITCH 



608 



612 



DEACTIVATE 
LINE SWITCH 



SENSE 
AC UTILITY 
INPUT VOLTAGE 



614 



616 




FIG. 6 



618 



1 

ACTI 
LINES 


VATE 
iWITCH 




r > 


WAIT FOR 
TIME INTERVAL 




r 


DEACTIVATE i 
DIODE SWITCH 



622 



624 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 


Inter lal Application No 

PCT/US 99/05605 ■ 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H02J9/06 




According to International Patent Classification {IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 H02J 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 513 088 A (WILLIAMSON FLOYD) 
30 ApH 1 1996 



see the whole document 



17-20, 
22-24, 
26, 

28-31, 
33, 

50-52, 
54,55, 
57-61,63 



-/- 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E* earlier document but published on or after the international 

filing date 

"L H document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document ref eiring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 

22 June 1999 


Date of mailing of the international search report 

05/07/1999 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280 HV Rijswgk 
Tel <+31 -70) 340-2040, Tx. 31 6S1 epo nl. 
Fax: (+31-70) 340-3016 


Authorized officer 

Moyle, J 



Form PCT/ISA/210 (second sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Inter naf Application No 

PCT/US 99/05605 



C (Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to deim No. 



US 4 788 450 A (WAGNER ROBERT W) 
29 November 1988 



see the whole document 

PATENT ABSTRACTS OF JAPAN 
vol. 097, no. 008, 29 August 1997 
& JP 09 093833 A (NEC CORP), 4 April 
see abstract 



17-20, 
22-24, 
26, 

28-31, 
33, 

50-52, 
54,55, 
57-61,63 



1-63 



1997 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



page 2 of 2 



